2-Azetidinones, also called (β-lactam) compounds are classified as an important class of heterocyclic compounds whish are consist the most structural feature of β-lactams antibiotics such as; penicillin, cephalosporin and clavu-ABSTRACT A series of novel 2-azetidinons entitled N, N'-bis[3-chloro-2-oxo-4-(substituted pyridine-2-yl)-azetidin-1-yl] pyrazine-2,3-dicarboxamide and N,N'-bis[3,3-dichloro-2-oxo-4-(substitutedpyridine-2-yl)-azetidin-1-yl] pyrazine-2,3-dicarboxamide have been synthesized from the relating newly Schiff bases by [2+2] cycloaddition reaction in good yields. Starting with pyrazine-2,3-dicarboxylic acid which was converted to the corresponding diester in absolute ethanol and glacial acetic acid as a catalyst. After that, the hydazinolysis of resulted diester with hydrazine hydrate afforded dicarbohydrazide which further treated with different substituted pyridine-2-carbaldehyde to give new Schiff bases. These new Schiff bases were reacted with chloroacetochloride and (or) dichloroacetochloride in presence of trimethylamine in DMF solvent under reflux and stirring to yield new derivatives of titled compounds. The structural assignments were estimated from their spectroscopic analysis such as IR, 1 H NMR, 13 C NMR, and C, H, N elemental analysis. The newly prepared 2-azetidinones have been screened for their antimicrobial activity and some of them revealed excellent antibacterial and antifungal activities.
lanic acid. 1, 2 Because of the biological properties of 2-azetidinone compounds as antibiotics, antimicrobial, and anti-inflammatory, [3] [4] [5] [6] [7] as well as the chemical importance as an intermediate for synthesis of many bioactive compounds, 8 a remarkable attraction and the main framework for all interested researchers toward synthesis and discover of new 2-azetidinone derivatives. Many of the current antimicrobial drugs has becoming less effective versus microbe resistance. Herein, it was necessary to synthesis and development of new antimicrobial agents which may be possess more activity against these strains resistant. 9 However, by the literature survey, many various procedures were reported to prepare a new derivative of substituted azetidin-2-one with powerful biological activity. For example, benzimidazolyloxazolyl 2-azetidinone derivatives has been prepared with good yields. 10 Also, a series of 2-azetidinone derivatives have been prepared from their corresponding azomethine compounds and triethyl amine in presence of chloroacetyl chloride. 11 Moreover, the cyclocondensation of azolylindol Schiff bases and chloroacetyl chloride afforded new derivatives of 3-chloro-azetidin-2-one. 12 More recently, other new 2-azetidinones derivatives have been prepared by cycloaddition reaction of some Schiff bases with triethylamine and chloroacetyl chloride, the newly products exhibited good antibacterial activity. 13 (Fig. 1) .
So, based on the facts above and as a part of our interesting, this present work aims to design and development of new 2-azetidinone derivatives and investigation of their antimicrobial activities.
as antibiotics, antimicrobial, and anti-inflammatory,3-7 as well as the chemical importance as an intermediate for synthesis of many bioactive compounds,8 a remarkable attraction and the main framework for all interested researchers toward synthesis and discover of new 2-azetidinone derivatives.
Many of the current antimicrobial drugs has becoming less effective versus microbe resistance. Herein, it was necessary to synthesis and development of new antimicrobial agents which may be possess more activity against these strains resistant.9 However, by the literature survey, many various procedures were reported to prepare a new derivative of substituted azetidin-2-one with powerful biological activity. For example, benzimidazolyloxazolyl 2-azetidinone derivatives has been prepared with good yields. 
METHODOLOGY

Chemicals and all reagents and solvents have been used as received from their suppliers BDH, Fluka, Merck, and Sigma-Aldrich companies without more purification. The reactions progress was monitored on pre-coated aluminum plates by thin layer chromatography (TLC) technique. Melting points were measured in Celsius degree on open-capillary Electro thermal apparatus and are uncorrected. IR spectra were recorded on FTIR Shimadzu (8400s) spec-trophotometer using KBr disc. The spectra of 1 H NMR and 13 C NMR have been outlined with Bruker spectrometer in DMSO-d 6 solvent, (400 and 100 MHz), respectively, and expressed as part per million (δ ppm) downfield from tetramethylsilane (TMS as an internal standard reference). Elemental analysis of the (C, H, N) percentages were found with Elemental Analyzer Model (Fison EA1108). For chemical structures drawing, Chem Draw Ultra (6.0) software application was operated.
General procedure for the preparation of dimethyl pyrazine-2,3dicarboxylate, 2: The standard esterification procedure was applied to convert pyrazine-2,3-dicarboxylic acid 1 into corresponding diester 2. 14
General procedure for the preparation of pyrazine-2,3-dicarbohydrazide, 3:
According to the Smith procedure, 15 compound 3 was prepared by hydrazinolysis of 2.
General procedure for the synthesis of N' 2 , N' 3 -bis[(E)(substitutedpyridine-2-yl) methylidene] pyrazine-2,3-dicarbohydrazide, 4a-e:
A solution of (2 mmol) of appropriate pyridine-2-carbaldehyde in 20 mL of absolute ethanol was added to (1 mmol) of compound 3 and 3-4 drops of glacial acetic acid (GAA). The mixture was refluxed under stirring for 3h. After cooling at room temperature for 24h., the precipitated solid was filtered, washed with water, dried, and purified by recrystallization from ethanol.
General procedure for the synthesis of N,N'-bis[3-chloro-2-oxo-4-(substitutedpyridine-2-yl)-azetidin-1-yl] pyrazine-2,3-dicarboxamide, 5a-e:
A solution (2 mmol) of chloroacetyl chloride and (2 mmol) of trimethylamine (TEA) in 10 mL of DMF was added with stirring to (1 mmol) of the suitable newly prepared Schiff base 4a-e and refluxed for 4-5 h. under stirring, then the reaction flask contents were kept to cool and poured onto crushed ice. The solid was separated off by filtration, dried and recrystallized from dimethylsufoxide (DMSO).
General procedure for the synthesis of N,N'-bis[3,3-dichloro-2oxo-4-(substitutedpyridine-2-yl)-azetidin-1-yl] pyrazine-2,3-dicarboxamide, 6a-e:
The same procedure mentioned above for compounds 5a-e was applied for compounds 6a-e except the dichloroacetyl chloride was used instead of chloroacetyl chloride. 
RESULTS AND DISSCUSION
1,3,4-Trisubstituted-2-Azetidinone derivatives 5a-e and 6a-e, as well as their Schiff bases 4a-e have been synthesized according to the synthetic route that predicted in Scheme 1. NMR, and 13C NMR which gave the comfortable results for the desired structures. FTIR spectrum of 2, (Fig. 2) showed the absence the bands due to hydroxyl group stretching vibration of raw material while the new bands were observed at 2955 cm-1 and 1687 cm-1 which belonging to the stretching vibrations of aliphatic C-H and ester carbonyl C=O groups, respectively. On the other hand, the more significant peak due to carboxylic acid protons of raw material was disappeared in the 1H NMR spectrum of compound 2, by contrast the methoxy protons as a singlet signal was noted at 3.98 ppm, (Fig. 3 ).
RESULTS
Concerning compound 3, the FTIR spectrum showed stretching absorption bands due to NH2 and NH group in the region 3441-3283 cm-1 and another band at 1682 cm-1 corresponded to amidic C=O group, ( Fig. 4 ). Furthermore, 1H NMR spectrum of 3 confirmed the presence of NH and NH2 protons when new signals were recorded at 7.52 ppm and 2.50 ppm as shown in (Fig. 5 ).
As for newly Schiff bases 4a-e, 1H NMR spectrum of 4a and 4c, ( Fig. 6 and Fig. 7 ) revealed the more characteristic peak of azomethine proton (CH=N) at 8.04 and 7.84 ppm, respectively. In addition to the microanalysis, IR and 1H NMR spectra, the 13C NMR spectra of newly synthesized 2-azetidinones 5a-e and 6a-d as shown in (Fig. 9 ) and (Fig. 10) , respectively, displayed several signals with full coincidence of the proposed structures beside the other spectral data which are given in Table 2 .
Scheme 2 .
Proposed mechanism for 2-azetidinones derivatives 5a-e and 6a-e.
The chemical structures of all newly synthesized compounds have been established from their IR, 1 H NMR, and 13 C NMR which gave the comfortable results for the desired structures. FTIR spectrum of 2, (Fig. 2) showed the absence the bands due to hydroxyl group stretching vibration of raw material while the new bands were observed at 2955 cm -1 and 1687 cm -1 which belonging to the stretching vibrations of aliphatic C-H and ester carbonyl C=O groups, respectively. On the other hand, the more significant peak due to carboxylic acid protons of raw material was disappeared in the 1 H NMR spectrum of compound 2, by contrast the methoxy protons as a singlet signal was noted at 3.98 ppm, (Fig. 3 ).
Concerning compound 3, the FTIR spectrum showed stretching absorption bands due to NH 2 and NH group in the region 3441-3283 cm -1 and another band at 1682 cm -1 corresponded to amidic C=O group, (Fig. 4 ). Furthermore, 1 H NMR spectrum of 3 confirmed the presence of NH and NH 2 protons when new signals were recorded at 7.52 ppm and 2.50 ppm as shown in (Fig. 5 ).
As for newly Schiff bases 4a-e, 1 H NMR spectrum of 4a and 4c, ( Fig. 6 and Fig.  7 ) revealed the more characteristic peak of azomethine proton (CH=N) at 8.04 and 7.84 ppm, respectively. In addition to the microanalysis, IR and 1 H NMR spectra, the 13 C NMR spectra of newly synthesized 2-azetidinones 5a-e and 6a-d as shown in (Fig. 9 ) and (Fig. 10) , respectively, displayed several signals with full coincidence of the proposed structures beside the other spectral data which are given in Table 2 .
Biological Studies
Antimicrobial activities of the newly compounds 5a-e and 6a-e have been screened against two bacterial strains; Staphylococcus Sciuri as gram positive and Escherichia Coli as gram negative, as well as against fungal strains; Candida Albicans and Aspergillus Flavus, by diffusion method. 17 The tested compounds were dissolved in dimethyl sulfoxide (DMSO) to prepare 100 μg/ mL concentration. The plates of bacterial culture were incubated at 37 °C for 24h. while for fungal culture were incubated at 25 °C and tested after 72 h. Cefuroxime and fluconazole were used (as antibacterial and antifungal drugs), respectively. The growth inhibition ability of the tested compounds was measured as inhibition zone diameter in milliliters. The results are listed in Table  3 , showed good to excellent activities of the examined newly 2-azetidinones. 5d) N,N'-bis[3-chloro-2-oxo-4-(3-hydroxypyridine-2-yl) N'-bis[3,3-dichloro-2-oxo-4-(pyridine-2-yl) 6b) N,N'-bis[3,3-dichloro-2-oxo-4-(5-methylpyridine-2-yl) 6d) N,N'-bis[3,3-dichloro-2-oxo-4-(3-hydroxypyridine) *concentration (100 µg/mL), diameter (mm); milliliter.
4a) N' 2 ,N' 3 -bis[(E)-(pyridine-2-yl)methylidene]pyrazine-2,3-dicar-
4b) N' 2 ,N' 3 -bis[(E)-(5-methylpyridine-2-yl)methylidene]pyrazine-2,3-dicarbohydrazide IR (KBr) (v, cm
4c) N' 2 ,N' 3 -bis[(E)-(5-methoxypyridine-2-yl)methylidene]pyrazine-2,3-dicarbohydrazide
4d) N' 2 ,N' 3 -bis[(E)-(3-hydroxypyridine-2-yl)methylidene]pyrazine
4e) N' 2 ,N' 3 -bis[(E)-(3-chloropyridine-2-yl)methylidene]pyrazine
5a) N,N'-bis[3-chloro-2-oxo-4-(pyridine-2-yl)-azetidin-1-yl] pyrazine-2,3-dicarboxamide
5b) N,N'-bis[3-chloro-2-oxo-4-(5-methylpyridine-2-yl)-azetidin-1yl]pyrazine-2,3-dicarboxamide
5c) N,N'-bis[3-chloro-2-oxo-4-(5-methoxypyridine-2-yl)-azetidin-1-yl]pyrazine-2,3-dicarboxamide IR (KBr) (v, cm
5e) N,N'-bis[3-chloro-2-oxo-4-(3-chloropyridine)-azetidin-1-yl] py razine-2,3-dicarboxamide
6c) N,N'-bis[3,3-dichloro-2-oxo-4-(5-methoxypyridine-2-yl)-azeti din-1-yl]pyrazine-2,3-dicarboxamide IR (KBr) (v, cm
6e) N,N'-bis[3,3-dichloro-2-oxo-4-(3-chloropyridine)-azetidin-1-yl] pyrazine-2,3-dicarboxamide
Variety derivatives of 2-azetidinone and related Schiff bases have been synthesized in good yields and cost-effective procedures. A coincidence for the proposed structures was achieved as deduced from their physiochemical and spectroscopic data. The newly 2-azetidinone compounds were screened for their antibacterial and antifungal properties. The results showed that most of these compounds have a good to excellent antimicrobial activities.
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